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IMPROVEM ENTS IN ANALYTICAL lUlET^ nng 

This Invention relates to Improved methods for the analysis of proteins. 

More specifically, it relates to the analysis of proteins by HPLC methods Bv 
analysis of proteins is meant here both the quantitative detennination and 
the assessment of purity of a protein. lemiinaiion ana 

In these methods, the protein must be dissolved in a an aqueous solvent and 
diluted to an extent acceptable for the chromatographic s^tem uid During^ 
handling of the aqueous protein solution the risk exists that part of the protein 

niiSl^'.?*^°/P*'°^?.*° ''^"^""9 containment equipment such as g"^^^ or 
plastic walls of capillanes. test-tubes, beakers, syringes, etc.. making ^ 
quantitation of protein difficult. ' y » . lo -mawng 

!Ionnt"rf'^ been discovered that a surlactant of the class of Poloxamers does 
not interfere with the chromatographic analysis while at the same time 
avoiding losses of protein. ume 

Poloxamers are block copolymers made of poiy(oxyethylene)- 
poly(oxypropylene) blocks with M.W. ranges from 1.000 to > 16 000 Their 
main characteristic is that the poly(oxyethylene) segments are hydrophobic 
and the poly(o3^propylene) segments hydrophllic. These substances behave 
"pion'ilS'*' ^'^ ^ 9®"®'^"y "^"own witii the commercial name 

Many grades of Pluronics at various Molecular Weight and concentration 
ranges can be used In accordance with this Invention. ^"'^"^^^o" 

As mentioned above, the Poloxamer (Pluronic) surfactants are block 
copolymers of ethylene oxide (EO) and propylene oxide (PO) The oroovlene 
oxide block (PO) is sandwiched betweenVo ethylene oxide (EO^^ blocte 

HO-(CH2CH20V(CH2iHO),.(CH2CH20VH 



EO PO EO 



Pluronic surfactants are synttieslsed in a two-step process: 

desired molecular weight Is created by the controlled 
addition of propylene oxide to tiie two hydroxyl groups of propylene glycol; 

gro^p^"® ^"^"^^ *° sandwich the hydrophobe between hydrophllic 

Jl3*rmo?i?f ^ P^JP^^^ae of polyoxyetiiylene (hydrophile) is 70%. and 
2 106 "^'^ hydrophobe (polyoxypropylene) Is approximately 
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In Pluronic F87, the percentage of polyoxyethylene (hydrophile) is 70%, and 
the molecular weight of the hydrophobe (polyoxypropylene) is approximately 
2,644 Da. 

5 

In Pluronic F88, the percentage of polyoxyethylene (hydrophile) is 80%. and 
the molecular weight of the hydrophobe (polyoxypropylene) is approximately 
2,644 Da. 

10 In Pluronic F68. the percentage of polyoxyethylene (hydrophile) Is 80%, and 
the molecular weight of the hydrophobe (polyoxypropylene) is approximately 
1,967 Da. 

Typical properties of Pluronic F77 are listed below: 
15 Average Molecular Weight: 6600; 
Melt/pour point: 48^C ; 
Physical Form @ 20^C : solid; 

Viscosity (Brookfield) ops: 480 [liquids at 25''C, pastes at 60''C and solids at 
77°C]; 

20 Surface tension, dynes/cm @ 25*^C; 
0.1% Cone. :47.0 
0.01% Cone. :49.3 
0.001% Cone: 52.8 
Interfacial tension, dynes/cm @ 25°C vs. Nujol; 
25 0.1% Cone. : 17.7 

0.01% Cone. :20.8 
0.01% Cone. :25.5 
Draves Wetting, Seconds 25*'C 
1.0% Cone: > 360 
30 0,1% Cone: > 360 

Foam Height 

Ross Miles, 0.1%, mm @ 50®C: 100 
Ross Miles. 0.1%, mm @ 26°C: 47 
Dynamic, 0.1%, mm @ 400 ml/min: > 600 
35 Cloud point in aqueous solution, °C 
1% Cone: >100 
10% Cone: >100 
HLB (hydrophile-lipophile balance): 25 

40 Typical properties of Pluronic F87 are listed below: 
Average Molecular Weight: 7700; 
Melt/pour point: 49°C ; 
Physical Form @ 20°C : solid; 

Viscosity (Brookfield) ops: 700 [liquids at 25*'C. pastes at 60**C and solids at 
45 77°C]; 

Surface tension, dynes/em @ 25°C; 
0.1% Cone : 44.0 
0.01% Cone :47.0 
0.001% Cone: 50.2 
50 Interfacial tension, dynes/cm @ 25^C vs Nujol; 



3 



0.1% Cone. : 17.4 

0.01% Cone. :20.3 

0.01% Cone. :23.3 
Draves Wetting, Seconds 25°C 
5 1.0% Cone.: > 360 

0.1% Cone.: > 360 
Foam Height 

Ross Miles, 0.1%, mm @ 50®C: 80 

Ross Miles, 0.1%, mm @ 26°C: 37 
10 Dynamic, 0. 1 %. mm @ 400 ml/min: > 600 

Cloud point in aqueous solution, ^'C 

1% Cone.: >1 00 

10% Cone.: >100 
HLB (hydrophile-lipophlle balance): 24 

15 

Typical properties of Pluronic F88 are listed below: 
Average Molecular Weight: 11400; 
Melt/pour point: 54*^0 ; 
Physical Fomi @ 20^C : solid; 
20 Viscosity (Brookfield) ops: 2300 [liquids at 250C, pastes at 60<>C and solids at 

77 Cj, 

Surface tension, dynes/cm @ 25^C; 
0.1% Cone. :48.5 
0.01% Cone. :52.6 
25 0.001% Cone: 55.7 

Interfacial tension, dynes/cm @ 25^C vs Nujol- 
0.1% Cone. :20.5 
0.01% Cone. :23.3 
0,01% Cone. :27.0 
30 Draves Wetting, Seconds 25^ 
1.0% Cone: > 360 
0.1% Cone.: > 360 
Foam Height 

Ross Miles, 0.1%, mm @ 50^C: 80 
35 Ross Miles, 0.1%, mm @ 26''C: 37 

Dynamic. 0.1%, mm @ 400 ml/min: > 600 
Cloud point In aqueous solution, ^C 
1% Cone: MOO 
10%Conc.:>100 
40 HLB (hydrophile-llpophlle balance): 28 

Typical properties of Pluronic F68 are listed below- 
Average Molecular Weight: 8400; 
Melt/pour point 52°C ; 
45 Physical Form @ 20^C : solid; 

^Ifocy^ (Brookfield) cps: 1000 [liquids at 25^^ pastes at 60«C and solids at 

Surface tension, dynes/cm @ 25^C; 
0.1% Cone. : 50.3 
50 0.01% Cone. : 51.2 
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0.001% Cone: 53.6 
Interfacial tension, dynes/cm @ 25°C vs Nujol; 

0.1% Cone. : 19.8 

0.01% Cone. :24.0 
5 0.01% Cone. : 26.0 

Graves Wetting, Seconds 25°C 

1.0% Cone.: > 360 

0.1% Cone.: > 360 
Foam Height 
10 Ross Miles, 0.1%, mm @ 50^C: 35 

Ross Miles, 0.1%. mm @ 26^C: 40 

Dynamic, 0.1%, mm @ 400 ml/min: > 600 
Cloud point in aqueous solution, °C 

1% Cone: >100 
15 10%Conc.: >100 

HLB (hydrophile-lipophiie balance): 29 

Other polymers having properties similar to those listed above may also be 
used in the methods of the invention. The prefen^ed surfactant is Pluronic F68 
20 (Poloxamer 188), and surfactants having similar properties. 

Therefore, this invention relates to an improved method of chromatographic 
analysis of a protein including the step of preparation of a protein sample with a 
protein concentration acceptable for the chromatographic system used, the 
25 improvement consisting in adding a Poloxamer to the protein sample solution. 

The method can be used essentially with any protein, for example insulin, 
etanercept, Factor VIII, growth hormone, antibodies (such as infliximab), In a 
preferred embodiment, the protein Is a glycoprotein, such as erythropoietin 

30 (EPO), darbepoietin alfa, human protein C, interferons (such as Interferon 
beta la, 1b). alpha galactosldase A, Preferably the protein is a dimeric 
protein (including heterodimeric), particularly preferably a dimeric 
glycoprotein, for example thyroid-stimulating homione (TSH), and the 
gonadotrophins: follicle-stimulating hormone (FSH), luteinising homione (LH), 

35 and chorionic gonadotrophin (CG), 

In the following Examples which follow, Pluronic F68 (Poloxamer 188) is used 
at the concentration of 100 pg /ml in ultra-pure water. It is however 
understood that the use of different grades of Pluronic and different 
40 concentrations of the same is encompassed by the present invention. 

EXAMPLE1 

Improved sample preparation In the SEC me thod of quantitative determination 
45 of FSH 

The purpose of this study was to qualify an improved sample preparation 
in the SEC method for protein content in a preparation containing rec-FSH 
(Fertinex, in this case Fertinex 75 lU). 
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The modification implemented was the use of a <5niiifinn m^i..^;^ -.^r. 
Mg/ml Pluronic F68 in ultra-pure water for orLp^^^^^^ including 100 

batches is lower than the total precision of the method " 

ft Is important to emphasize that this change did not have anv imna,^ 
the original SEC method Itself. ^ impact on 

More specifically, the modification of the sample and stenri«rw 
preparations were as follows: sampie and standard 

* I^S^F?^J°' ^""Pte as well as control 

samples rnjected over the analyltcal session are rafemlS 

h J;S„°„"f 'lf?H"= enough ^pou^taS^ 

injeiMons of the system suitability as well as for thelSSrote 
Which are hi|ected throughout the analytical seS 

SieS%"eg°4e"o,^^^; SSLTS ^ 

With the results of Fertfnex 75 lU Dresent«>H in t^m^ a . . 

• Repeatability (or intra-assay precision): 1.3% 

• intermediate precision: 1.0 % 

• Reproducibility (total precision): 1.6% 

Overall results are tabulated in the following Table 1: 
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Table 1 : Protein content results (Mg/ampoule) obtained with 
calibration curve standard 



Batch number 


Run 1 


Run 2 


Run 3 


Run 4 


Run 5 


17301010 


6.41 


6.42 


6.32 


6.56 


6.41 


17315040 


6.13 


6,06 


5,94 


6,11 


6,15 


17318040 


5.54 


5,58 


5.49 


5,59 


5,51 


Control sample 


6.00 


6.18 


6.04 


6.21 


6.07 



The standard results obtained during the precision and ruggedness 
studied were used to address the linearity and range of the 
analytical method. The approach for the statistical analysis was to 
check variance homogeneity (Cochran C and Bariett tests), lack of 
10 fit and perform regression analysis (correlation coefficient). Run 1 

to Run 5 were performed with a Waters systems whereas Run 6 to 
Run 8 were performed with a Varian system. 



Table 2: Statistical results for linearity 





Run 1 


Run 2 


Run 3 


Run 4 


Run 5 


Run 6 


Run 7 


Run 8 


Cochran's C test 


0,99 


0.98 


0.99 


0,99 


0,99 


0,98 


0,96 


0.98 


Barletrs test 


0.99 


0.98 


0.99 


0.99 


0.99 


0.98 


0,96 


0.98 


Lack of fit 


0,97 


0.18 


0.83 


0.92 


0.81 


0.89 


0,03 


0,07 


Slope 


1,0058 


0,9926 


1 .0028 


1.0066 


0,9940 


0.9903 


1.0202 


0.9888 


Intercept 


6.1557 


6.2238 


6.1574 


6.2099 


6.2249 


5.5055 


5.7437 


5.5214 


Correlation 
coeff. 


1.0000 


0.9999 


0.9999 


0.9999 


1.0000 


0.9999 


0.9998 


0,9999 



As can be seen, the p-values of Cochran C and Bariett tests are 
always greater than 0.05 which means that there is no statistically 
significant difference amongst the standard deviations at 95% 
20 confidence level and a conrelation coefficient higher than 0.9980 is 

always met. 



Lack of fit to determine whether linear regression is an adequate model 
to describe the observed data was performed. Based on this statistical 
25 test, linear regression resulted to be the best model to describe the 

data even if the p-value of Run 7 is not greater than 0.05. For that 
particular analytical session, the linear regression is still the best model 
with a 99.96% fit. Other models, such as square root and exponential 
models were tested and did not show a better fit of the data observed. 
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EXAMPLE 2 

Improved sample preparation and spi k ing proeediire in the SFn mafh r^H »f 
puntv detennination of FSH ^ 

The modification implemented in the analytical method is the use of a solution 
including 100 \jg/mi Pluronic F68 in ultra-pure water for preparation of all 
protein solutions (sample, spike solution) to control losses of protein due to 
adsorption. The modifications were made specifically to increase the precision 
of the method, without impacting the chromatography of the method, to enable 
a more precise and accurate purity determination. 

In the frame of this study, determination of the precision of the method was 
also investigated. The precision of the method (Total precision 1.8%) was 
slightiy improved when compared to the precision of the method observed 
dunng validation of the analytical method without introduction of Pluronic F68 
(Precision 2%). Routine recovery of the spike solutions at 100% indicates a 
good accuracy. 

An additional spiking experiment was perfomied to further determine accuracy 
of the method. It was observed that different surface is obtained for the 
spiking solution witii and without Pluronic F68. The area of the spiking solution 
with Pluronic F68 in the sample preparation Is approximately two times 
greater Oian the spiking solution prepared without tfie use of Pluronic F68. 
It is believed that ttie different areas observed are due to adsorption of the 
dissociated sub-units on the polypropylene material used for sample 
preparation. oamHio 

It can be seen in the following Tables 3 and 4 ttiat ttie recovery of spiked free 
fh" A"/Jf '® "^J" ?® '^"9® ^^"''^ ■ *t can also be seen ttiat 

reLveiy (rflpiklr ranging firom 1.0% to 1.5% for both purity and 

Table 3: %Recovery of spike results 



Batch# 


Run 1 


Run 2 


Run 3 


Run 4 


Runs 


Mean 


cv% 


17343109 


98,0% 


98,1% 


100,3% 


99,6% 


99,4% 


99,1% 


1,0% 


17349129 


98,9% 


99.6% 


102,1% 


100,7% 


102,2% 


100.7% 


1,5% 


17301010 


99.8% 


100,7% 


102.0% 


99,2% 


99,8% 


100,3% 


1,1% 


17304010 


99,8% 


102,4% 


101,6% 


101,0% 


99,9% 


100.9% 


1,1% 
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Table 4: %Purity of spike results 



Batch# 


Run 1 


Run 2 


Run 3 


Run 4 


Run 5 


Mean 


cv% 


17343109 


97,0% 


94.4% 


93,9% 


96,3% 


96,3% 


95,6% 


1.4% 


17349129 


96,2% 


93,4% 


93,3% 


95.5% 


94.4% 


94,6% 


1.4% 


17301010 


96,8% 


95.0% 


94,1% 


96,9% 


97,2% 


96,0% 


1,4% 


17304010 


95,9% 


93,6% 


94,0% 


95,9% 


97,0% 


95.3% 


1,5% 



In the frame of another study protocol, the analysis of drug product batches 
5 with and without the use of Pluronic F68 was performed. One of the results Is 
that the area of the spiking solution (dissociated r-hFSH) is approximately 
multiplied by two with the Introduction of Pluronic F68. This phenomenon is 
most probably due to adsorption of free sub-units on the material used during 
sample preparation If Pluronic F68 Is not present. To detemiine if this Increase 
10 of area has an impact on the analysis, a spiking experiment at three levels 
without and with Pluronic F68 was performed. The following samples were 
tested in duplicate: 

I.Sannple preparation with Pluronic F68 

15 

Sample without spiking solution; 

Sample spiked with dissociated r-hFSH (2 pg by injection); 

20 Spiking solution (2 pg dissociated r-hFSIH by injection); 

Sample spiked with dissociated r-hFSH (1 .5 pg by injection ; 
Spiking solution (1.5 pg dissociated r-hFSH by injection); 

25 Sample spiked with dissociated r-hFSH (1 pg by injection); 

Spiking solution (1pg dissociated r-FSH by Injection). 

The results are presented in table 5: 

30 
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Table 5: Resulfs of sample preparations using Pluronic F68 



Spiking level 


Area of 
spiidng 
solution 


% 

Recovery 
of areas 


% 
Purity 


% 

Recovery 
of spike 


100%(2ufi/ini) 


2037915 


N/A 


95% 


101% 


75% (1.5 MJ3/lnI) 


1545486 


76% 


94% 


101% 


50% (1 MQ/ini) 


1001055 


49% 


94% 


102% 



From the above table, it can be seen that the addition of Pluronic PBS 
5 gives good results in term of % recovery of sprite, being close to the 

theoretical recovery (100%) and % Recovery of areas. This latter 
parameter Is calculated by dividing the area of the spiking solution at 
the defined spiking level by the area of the spiking solution at 100%. 
The result (I.e. 76% for spiking with 1.5 pg/injection) is compared with 
10 the theoretical spiking level performed (I.e. 75%). 

2. Sample preparation without Pluronic F68 

Sample without spiking solution; 

IS 

Sample spiked with dissociated r-hPSH (2 pg by injection); 

Spiking solution (2 pg dissociated r-hFSH by injection); 
20 Sample spiked with dissociated r-hFSH (3 pg by injection) ; 

Spiking solution (3 pg dissociated r-hFSH by injection); 

Sample spiked with dissociated r-hFSH (4 pg by Injection); 

25 

Spiking solution (4 pg dissociated r-hFSH by injection) 
Results are shown in the following Table 6: 



30 
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Table 6 : Results of sample preparations without Piuronic F68 



Spiking level 


Area of 
spiking 
solution 


% 

Recovery 
of areas 


% 
Purity 


% 

Recovery 


100% (2 gfl/ini) 


922106 


N/A 


90% 


105% 


150% (3 ug/inj) 


1744753 


189% 


89% 


104% 


200% (4 ufl/ini) 


2702520 


292% 


89% 


104% 



For the results obtained without the use of Piuronic F68 In the sample 
preparation, the recovery of the spike solution deviates 4-5% from the 
theoretical recovery (100%). For % recovery of areas, the results 
deviate significantly from the theoretical spiking level perfomied. due to 
a too low area of the spike solution. 

It is believed that the different results obtained with and without 
Piuronic F68 can be explained by the adsorption of the test samples on 
the material used during sample preparation. The area of spiking 
solution obtained for the same spiking level (100%) is approximately 
two times greater when Piuronic F68 Is present and avoids the 
adsorption. 

The adsorption of free sub-units can be calculated by the difference 
between the area of the spiking solution with Piuronic F68 and the area 
of the spiking solution without Piuronic F68 at 2 pg per injection (100%) 
spiking level. The difference corresponds to an area of 1*115*809. This 
area reflects the amount of dissociated sub-units adsorbed during 
sample preparation and can be used to correct the area obtained in 
absence of Piuronic F68. The recoveries of area calculated taking into 
account this correction can be seen in table 7. The date are closer to 
the theoretical spiking level. 



Table 7: %Recoveiy of area with and without taking into account 
adsorption 



Spiking level 


%Recovery of areas tal<ing into account 
adsorption 


No 


Yes 


3ug/ini f150%) 


189% 


140% 


4 yg/ini (200%) 


292% 


187% 
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The purity results presented In tables 5 and 6 differ without and with the 
introduction of Pluronlc. This difference is also believed to be an effect 
of adsorption phenomenon. 

Several product batches were tested by SEC for purity without and with 
introduction of Pluronlc F68 In sample preparation. The results can be 
seen in table 8: 



Table 8: %Recovery and %Purity results of drug product tested 
without and with Pluronlc F68 



Batch# 


Without Pluronlc 


With Pluronlc 




%Recovery 


%Purity 


%Recovery 


%Purity 


17353066 


98% 


89% 


96% 


94% 


17303019 


101% 


91% 


100% 


97% 


17306019 


104% 


91% 


97% 


98% 


17309029 


100% 


90% 


100% 


97% 


17323049 


101% 


92% 


98% 


97% 


17324049 


98% 


94% 


97% 


99% 


17340069 


100% 


93% 


99% 


97% 


17341089 


101% 


91% 


98% 


98% 


17345119 


100% 


90% 


100% 


96% 


17305019 


105% 


88% 


99% 


101% 


17315039 


99% 


91% 


101% 


95% 


17302019 


100% 


87% 


99% 


96% 


17501019 


106% 


86% 


99% 


96% 


Mean 


101.0% 


90,2% 


98,7% 


97,0% 


Standard 
deviation 


2.5% 


2.3% 


1.4% 


1 .8% 


CV% 


2,5% 


2,5% 


1,5% 


1.8% 



Purity and recovery of spiking solution 

Based on the data presented In Table 8 above, it can be seen that the 
difference between the recovery means without and with introduction of 
Pluronlc is about 2%, This difference is statistically significant when an 
ANOVA at 95% confidence level is performed (p-value 0.008). In 
addition, when looking at the same table one can also see a statistically 
significant difference of approximately 7% in purity with and without 
introduction of Pluronlc F68 (ANOVA p-value 1.2 lO"®). 

These statistical differences in purity and recovery of spiking solution 
can be explained by adsorption phenomenon which occurs during 
sample preparation (see the following Table 9): 



Dimers and aggregates area of 
sample 


1 CV% 


1 Yes 


3.92 


3.05 


6.49 


5.06 


7.62 


0.72 


3.53 


2.36 


0,98 


1.96 


3.77 


8.59 


CD 


CM 


in 


No 


10.33 


2,28 


3.06 


4.36 


5.47 


5.49 


CO 

o> 

T— 


6.79 


5,86 


8,77 


1.74 


5.28 


cd" 


CM 
U> 


O 

m 


1 Area 


1 Yes 


90638 


64896 


65833 


83950 


67053 


58535 i 


64916 


66879 


71681 


76271 


65511 


94241 


67857 


72159 1 


in 


1 No 


1 85841 


1 65913 


1 69387 


1 74694 


1 64801 


61088 


55831 


51410 


61319 


81412 


69514 


97979 1 


69441 


69895 1 


00 


Total area of unspiked sample 
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CM 
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CO 

o" 


CO 


CO 

o" 
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CM 


CO 
CD 


No 
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00 


CM 
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CD 




CO 


S'O 


CO 




OO 
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o 
cm" 




1 Area 


Yes 


7767243 


6312492 


6474462 


6906608 


6157225 


6129612 


6577138 


6658876 


6094436 


63663971 


7129130 1 


6975041 


7580193 1 


67022191 


8,1% 1 


1 No 


17377193 


16136762 


1 6029360 


6554845 


5692277 


5856669 


6316392 


6311904 


5678718 


6105716 


6629111 


6306795 


7416153 


6339377 


8,7% 1 


piking solution 
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CM 
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IO 
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00 
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CO 
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m 
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S'O 


T— 

CO 
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CO 
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CO 
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lO 

CO 


•V 




lO 

oo" 


D> 
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Total area of FSH s 




1 Yes 


2658545 


2513326 


1 2513326 


1 2380100 


2429203 


2429203 


2564021 


2564021 


12380100 


2609854 


2528909 


25289091 


26098541 


25161051 


3,5% 1 


< 


No 


1409832 


1438014 


1438014 


1121632 


1300382 


1300382 


1449322 


1449322 


1121632 


1416915 


1207140 


1207140 


1416915 


1328972 


9,5% 1 


Batch # 




Pluronic 


17353066 


17303019 


17306019 


17309029 


17323049 


17324049 


17340089 


17341089 


17345119 


17305019 


17315039 


17302019 


17501019 


Mean 


1 %A0 1 



Total area of spiked sample 


CV% 1 


Yes 


1 0.41 1 


0,83 1 


0.58 1 


1.48 1 


1.09 1 


0,81 1 


1.49 1 


0,27 1 


T — 


0.95 1 


0.41 1 


2,07 1 


0,35 1 


1 6'0 


LO 


No 


1 0.92 


1.52 


CM 


2,16 




2,32 


0,79 


0,31 


CM 


3.27 


2.01 


2,68 1 


CM 

o" 


lO 


To 


1 Area 


Yes 


1 9989197 


8866597 


8723677 


9270545 


8410312 


8324957 


9078480 


9034549 


8480285 


8851837 


9750217 


9363087 


101385011 


90986341 


6,4% 1 


No 


18618890 


17634720 


17739564 


17695502 


7033218 


7022864 


7763745 


7846421 


6808816 


7863722 


7721964 1 


7543478 


9364548 


7742881 


8.6% 1 


Dissociated FSH area of spiked 
sample 


CV% 


Yes 


1.08 


0.43 


0.81 


2,01 




2,61 


1.27 


CD 
T — 


1.80 1 


2.99 1 


0.08 1 


2.72 1 
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1 Yes 


1 3052448 


1 2640090 


1 2564678 


2520633 


2542802 


2439971 


2678583 


2642383 


2555312 


2479940 


27855971 


2681371 


2847934 | 


2648596 


6.3% 1 


< 


1 No 


12132665 


1 1908454 


1 1920007 


1 1697129 


1 1697821 


1596022 


1862023 


1977742 


1616907] 


2044400 1 


17224451 


19433431 


23541661 


1882548 


CM 


Batch # 




1 Pluronic 


117353066 


117303019 


117306019 


117309029 


117323049 


1173240491 


117340089 


117341089 


1173451191 


1173050191 


1173150391 


17302019 


1175010191 


1 Mean i 


1 cv% 1 



The precision (CV%) of the areas used for the purity and recovery of 
spiking solutions calculation is always better with Pluronic F68 than 
without the introduction of Pluronic F68. 



The adsorption rate of dinners and aggregates, free sub-units and 
monomer are different as one can see when calculating the ratio mean 
area with Pluronic F68/ mean area without Pluronic F68. As can be seen 
in table 10. the %Area increase with Pluronic F68 is not constant 
10 depending on the area considered. 



TablelO: %Area increase with introduction of Pluronic F68 



Area considered 


%Area 
increase 


Total area of spikina solution 


6% 


Total area of unspiked sample 


89% 


Dimers and aggregates areas of unspikec 
sample 


41% 


Dissociated sub-units area of spiked 
sample 


3% 


Total area of spiked samole 


18% 



15 To determine purity, spiking of free sub-units must be performed due to 

the fact that the free sub-units peak Is not resolved from main peak 
during testing of sample preparation. The %Purity (or %Monomer) is 
expressed by the formula below: 

20 %Purity= 

A 

Where: A : Total area of sample without spike 
B : Total area of spiking solution 
C : Sub-units peak area of sample spiked 
25 D : Dimers and aggregates in sample without spike 



The acceptance criteria for recovery of spike is expressed as follows: 



%Recovery = ^ 



A + B 
30 



15 



Where: A : Total area of sample without spike 
B : Total area of spiking solution 
E : Total area of spiked sample 



10 



Taking the above fomiulas into consideration, calculation of purity with 
and without introduction of Pluronic F68 can be perfonned. In addition 
to take into consideration the effect of Pluronic F68. calculations can ' 
also be done with areas without introduction of Pluronic F68 taking into 
account the adsorption effect The fomiulas will be the following : 

%Punty con-ected = AxRa + BxRb-CxRc-DxRd 

AxRa 

%Recovery connected = 

AxRa+BxRb 

15 Where: A : Total area of sample without spike 

B : Total area of spiking solution 
C : Sub-units peak area of sample spiked 
D : Dimers and aggregates In sample without spike 
E : Total area of spiked sample 

20 Rx: Ratio mean area X with Pluronic F68 divided by mean 

area X without Pluronic F68. 



EXAMPLE 3 

Interferon beta-1a assay bv RP-HP LC: Qualffication of a One Rfa ndard pnlnt 
25 approach versus a standard curve approach ' — ^ 

This Example shows how. In the case of interferon beta-la assay by RP-HPLC 
It was possible to modify a standard curve approach, hereinafter referred to as ' 
current assay , to a One Standard Point approach by applying the improved 
method of this invention, that is. by using a Pluronic surfactant to avoid sample 
30 losses* 

In the drug substance sample preparation for the Improved method of the 
1?™°"' '"*®'^®'"°" beta-la was diluted 1 to 7 using as the dilution buffer 
0.05M sodium acetate containing 0.1% Poloxamer 188 (Pluronic F68) at dH 3 8 
instead of 0.05M sodium acetate at pH 3.8 without Poloxamer 



35 



40 



The optimized RP-HPLC assay was qualified according to the ICH 
Guidelines and the following characteristics were addressed: 

♦ RanqeofiinearitY' The linearity was verified for the injection of Interferon- 
beta-1a in the range of 3.3 to 8.8 pg, with an intercept statistically not different 
firom zero. These results support the One Standan* Point approach 
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♦ Precision: The precision of the optimized assay using the Drua Product 
Standard and fhe One Standard Point approach was 5)mpared to Se 
onn'^f ^"''T* ^^^y Drug Substance Standard 

♦ ^^ ^^ ^V^- ^PP^°^'^'^- The overall precision obtained for one 
replicate with the optimized assay (pooled CV of 1 .2 % for all Drua 
Substances and Drug Products samples) was shown to be better than the 
precision of 1.9 % obtained for one replidate with the current aS^J? 

♦ Specificity : the components that can be observed In the optimized assav are 
already present in the Drug Substance and Drug Product foWuSns^ 
analyzed in the current assay which was validated for specificitv The 
presence of Poloxamer 188 in the new Standard was demonstrated to not 
nterfere in the optimized assay. As no additional components are Introduced 
in the optimized assay, the optimized assay is therefore specific 

• Accuracy: The accuracy of the optimized assay was assessed by 
companson of the results obtained with the optimized assay vereus the results 
obtained with current assay, these last results being considered as the 
reference value For this purpose, several Drug Substances and Drug 
^r™i , J2h"^ formulation containing HSA. Liquid formulation HSA free) 
were analyzed. In all cases, the ratio Optimized / Current Interferon-beta-la 

Swl^?iSf 'f "^"y ^""^ "^^^^ demonstra^Sthl 

two Interferon bete-1a assays generate statistically equivalent results. 

" L"J^2P'"1°"' *i® °P**"i'zed assay was qualified. The method has a better 
precision than the current assay, and generates accurate resulte statistically 
equivalent to those obtained with the current assay. «»wii6ncaiiy 

This Invention has been described with reference to examples of both 
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CLAIMS 

1. In a method of chromatographic analysis of a protein sample 
solution, the Improvement consisting in adding a Poloxamerto the 

5 protein sample solution. 

2. In a method of chromatographic analysis of a protein including the 
step of preparing a diluted sample for bringing the protein 
concentration to a level acceptable for the chromatographic system 

10 used, the improvement consisting in adding a Poloxamer to the 

diluted sample solution. 

3. The Improved method of claim 1 or 2, wherein the chromatographic 
analysis is the quantitative determination of protein content 

15 

4. The improved method of claim 1 or 2, wherein the chromatographic 
analysis is the assessment of protein purity. 

5. The improved method of any of the preceding claims wherein the 

20 chromatography is size-exclusion chromatography (SEC) or reverse- 

phase HPLC (RP-HPLC). 

6. The improved method of any of the preceding claims wherein the 
protein on which analysis is carried out is FSH. 

25 

7. The improved method of any of the preceding claims wherein the 
protein on which analysis is carried out is Interferon beta-1a. 

8. The improved method of any of the preceding claims wherein the 
30 Poloxamer is Pluronic F68 (Poloxamer 188). 

9. The improved method of claim 8 wherein Pluronic F68 Is employed at 
a concentration of 100 Mg/ml in ultra-pure water in the protein sample 
solution. 
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10. The Improved method of claim 8 wherein Pluronic F68 Is employed at 
a concentration of 0.1% in sodium acetate buffer at pH 3.8 in the 
protein sample solution. 
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Abstract 

An improved method of chromatographic analysis of protein samples 
disclosed in which a Pluronic surfactant is used. 



